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FOREWORD

This report was prepared by The Dow Chemical Company, Midland,
Michigan, under USAF Contract Nr. F04611-67-C-0067. The contract
was initiated tinder Air Force BPSN Nr. 623148, AFSC Project Nr.
3148. The work was administered under the direction of the Rocket
Propulsion Laboratory, Edwards Air Force Base, with Captain Robert
Bargmeyer a. Air Force Project Officer.

This is the first annual technical summary report, covering
the work performed during the period of 1 January 1967 through
31 December 1967. The Dow Report Number is FS-IA-68.

Management direction at Dow is under Dr. D. A. Rausch, Assist-
ant Laboratory Director, Chemicals Laboratory, and the work super-

4 vised by Dr. E. T. Niles, Group Leader. Mr. E. J. Wilson is the
I principal investigator with Mr. K. Roberson making major contri-

butions.!
This report has been reviewed and Is approved.

I

W. H. Euelku, Coln,nel, USAF
Chief, Propellant Division
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(U) AB.STRC

(C) Surveillance has continued on various samples, of aluminum
hydride. The types of aluminum hydride which are being studied
include: unstabilized macrocryst.allinu, magnesium doped, arid
magnesium doped, DPA (diphenylacetyicnc) treated AlHs-1451. These
"samples are providing valuable decomposltion rate data both neat
at -156, 250 and 400C., awd in piopollanl. at 25, 0•0 and 60%.
Recently, neat surveillance studies have begun on high stability
magnesium doped, DPA treated hydride and n-butylamine treated
material which have 60 0C. stabilities or greater than 0 days to
reach l• decompositio.:n.

(C) Results of surveillance of rnatW al-uminum hydride continue
to indicate greater improvement in 25 0 C. stability than was ob-
served with these samples at-60 °C. One sample which reached l5•
decomposition in 25.5 days at 60"C. has decomposed only 0.019%
after I year at 25 0 C. as determined by a r,.dlfied Taliani method.
Another sample with a 6W0 C. stability ,,.f I?.3 days to i decom-
pos'tion also showed excellent 250C. stability, reaching only 0.05%
decomposition after 1 year sturage. Olher samples w'.th 600 C.
stabilities of ;-;p to 40 days to 1;7 deccmpovtiun are now b Ing
evaluated at 25 0 C.

(C) Results of sz.rve&ilance of al:,ml um hydride propellant
are continuing to show decreasing gaZ gr..:icra.tIun rates wxth time.
A: 25 0C., double base pr.pellant. contal:lnC unstabilizud macro-
crystaillne hydride decompo'sed apprcxima•oely 0.285 during the
first year, 0.0,% during the seco-nd year, and 0.04% during the
,irs'. half of the third year study. Decompý_.31tion figures assume
all gas is generated by decomposition ,f ýhv aluminum hydride and
gas generation measurements are by a mý:dlf:ed Taliani method.
Stabilized aluminum hydride, magnesium d.ped and DPA treated
samples, decomposed only approximate.y 0.10,' durlr.-gthe first year
and very little over- the first half of' "h,, second year In d&uble
base propellant at 25 0 C.

(C) Small amounts of water in the envlr.inment which the alu-
minum hydride is subjected to have beer found to prevent the
typical "autocatalytic" shaped decomposition curve. instead, an
"initial gassing" period 'I observed Illw;ewd by excellent sta-
bility. The shape of' these gas generat1%,n curves markedly re-
sembles the shape of the decvmp,'si'in ourve previously discussed
for propellant at 250C.

(C) Techniques are beling dove] .p-., 11. tiutllze small amounts
of hydrolysis to stabilize ali: l..ur. hydride. A seventeen-day
treatment of the hydride 1n we'. (2.0; water) n-butylamine at 610C.
has produced a two- 'o fuurfold 1::pv. vumcn:: in the stability of
various hydride samples.

iii
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(C) The stability of neat aluminum hydride has been found
to correlate inversely with the amount of lithium, other than
lithium chloride, present as an impurity in the hydride. Excess

lithium aluminum hydride is required in production of AlH3 -1451
to enable desolvation of aluminum hydride etherate. The mechanism
of the desolvation is not known, nor has the state in which the
lithium resides in the AlH3 -1451 crystal been determined. Studies
are under way under Ccntract F04611-68-C-0021 to define and elim-
inate the stability problems associated with the lithium impurity.
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SECTION J

(U) TECHNI.CAL RESULTS AND DISCUSSION

(C) Major advancements have Leen bmatOe in processing aluminum
hydride to produce riaterial of improvod stability. Figure 1 showsI the magnitude of advanczments made in the 600 C. stability of alu-
minum hydride during the past few years. Whereas not long ago
average pilot plant aluminum hydride reached 15 decomposition in
5 days at 6 0 0C., today, with the incorporation of magneslum dop-
ing andDPA surface treatment along wlth process improvement,
many pilot plant aluminum hydrldc samples exceed 20 days to reach
I1 decomposition at WOVC. Develupmený of a post-treatment pro-
cedure with we' n-butylamine has resulted in at least doubling
-of the 0'C. s-bility of samples rece'ved from the pilot plant.

(C) Although these st.ability improvements have been made, it
"s be..eved that -odl-i-nal improvcmcnts are necessary before
aluminun: hydride can, be used In large 6t-.rble solid rocket pro-
pellant mozovr due 1.. he "n*tcrrnaI prcssures caused by small amounts.... • Cmp-su. IP l- he prpose of this pro-
gram ts s';.dy and charac&.r'zce the lcemposi Ion o: various samples
of alum'hum hydride •ver a range of ,emperatures to enable a better
assessment  f the dccm ompollor± ratcs t-_ be expected during long

S. term storage of the hydride, nea' and in pr:opellant. At a future
date rhese data w-ll Lc very valuable, in pred'cting "ong term sta-
bility and she!f life.

A. SURVEILLANCE OF NEAT ALUMINTIM HYDRIDE-I&51 (U)

(C) The decomposit.,i and stabillty determlnati-ons of various
samples of aluminum hydride have been cun' inued and expanded to
inelude: unstabllized macrocrystalllne, magneslum-doped, magnesium-
doped DFA-treated, and more recently n-butylamine treated material.
Results indIcate that the newer stabilized material not only main-
Lains the factor of stability improvement observed at 600 C., but
actually increases the 250 ". stab-lity by an appreciably greater
amount. The resul's prczented in thls section demonstrate this
Important phcnomencn.

I Mcrocrystall.ne Hydrlde (U)

* (C) Many sample- uf the orIginal mlcrucrystalline (1-5 •)
AlH3 -1451 have been stored at ambicnt temperature and -15 0 C. and
have been periodically checked for decomposition by hydrogen
analysis under prevl-us programs (1). Results indicated significant
decomposition rates even at ambicnt temperature, with many samples
exceeding 50- dec)mposltion after one-year storage. No further
work has been conducted with these materials.

'The Dow Chemical Company, Annual Technical Report, AFRPL-TR-67-37,
Januaryj, 1967, Contract Nr. AF 04(611)-11400, Dow Report Nr.
FS-4Q-66.
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- 2. Unstabilized Macrocrystalline Hydride (U)

(U) A number of macrocrystalline AIH3 -!451 samples has been
stored in taped glass vials under an inert atmosphere at ambient
temperature and -15 0 C. for several years. Samples were also
stored at 40°C. for 222 days. The samples were periodically
sampled for hydrogen analysis and 600C. stability testing.

(C) The results of the periodic hydrogen analysis of the
samples stored at -15*C. and ambient temperature are listed in
Table I. These results indicate very little decomposition in
many of the samples. It is evident that the low levels of de-
composition these samples have reached are within the experimental
error of the hydrogen analysis technique used.

(C) The results of periodic hydrogen analysis of the samples
stored at 400C. are listed in Table II. The decomposition levels
observed in these samples are significant and the average decom-
position curve for the six samples studied is shown in Figure 2.

(C) The periodic 6o0 c. stability test results for the four-
teen unstabilized samples being studied at -150C. and ambient tem-
perature are listed in Tables III and IV. No additional testing
of the -15 0 C. samples has been conducted on this program. Previous
results showed very little change in the 600C. stability of these
samples as a result of storage Rt -15 0 C. The samples stored at
25 0 C. have been re-examined and found to have decreased consider-
ably in 60 0C. stability after approximately 36 months storage.
Of the fourteen samples listed in Table IV, the first five have0 I been somewhat erratic in stability change whereas the last nine *
have decreased in stability gradually. The average of the sta-
bility of these two groups of samples is shown in Figure 3 as
a function of storage time. The increase in stability of the
first five samples during the first year storage may have been
caused by contamination of the samples with water. The decrease
in stability of the second group of samples is more representative
of the expected behavior of samples stored under an inert atmos-
phere at ambient temperature.

3. Magnesium-Doped Hydride (C)

(C) Samples of eight Texas Pilot Plant lots of magnesium-
doped AlH3-1451 are being studied at -150, 250 and 4O9C. storage.
Decomposition is being measured by a modified Taliani procedure
at 25 and 40*C., and also by periodic hydrogen analysis of samples
stored at -15, 25 and 400C. Periodic 6oCC. stability testing is
being conducted on all stored samples to determine stability
changes. Analyses and the original 600C. stability of the samples
being studied are given in Table V.

-3-
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= Table II

* (U) Stability of Aluminum Hydride-1 451 at 4o0C.

Decompositionb, %_

Storage Tiedays

SMple Numbera 00 w ???

4 o4185A 1.3 1.3 23.0 42.i
04195 1.8 2.4 16.9 35.0
o4265B 1.1 2.2 16.7 33.3
06255 0.2 1.7 14.3 35.0

* 06275 1.2 2.5 20.4 38.0
06285 1.0 2.2 15.9 36.2

Average % Decomp. 1.1 2.1 17.9 36.6

aSamples stored 3 months in cold storage prior to evaluation.

* bDetermined by carbon and hydrogen analysis; hydrogen *1% of total.

Table III

(U) Effect of Storing Time at -15 0 C. on Thermal
)Stabilty o@0Unstabilized Aluminum Hydride

Days -o Reach 1% Decomposition at 6OOc.a
Storage Time at -15i)' .. months

Sample No. OrIginai ___ 11 1 26

0 3655-95-2 4.2 -- -- -- -- --

02034A 5.3 4.7 4.4 4.8 5.3 5.4
o20o44 3.9 3.7 6.7 7.0 8.9 5.6
o2044A 4.5 4.4 5.1 6.8 8.3 9.2
02134A 5.3' 4.6 10.5 11.6 13.9 12.6

* 04194 5.5 7.6 9.0 8.9 -- -- •
03294 8.0 7.7 7.9 7.6 .. ..
06014A 6.2 5.0 5.7 7.1 .. .

o6024A 6.3 5.7 5.8 6.8 .. ..
06054 8.0 6.2 6.8 7.1 .. ..

*l 06104A 10.0 8.7 10.2 9.4 .. S
o6l•4AT 10.2 8.8 8.7 9.6 .. ..
07084 7.2 6.7 7.0 7.4 .. ..
07084T 6.3 7.1 6.6 7.0 .. ..
aTaliani test-5aliCONFIDENTIAL
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Tabze IV

(U) Effect of Storing Time at Ambient Temperatuw
on Thermal Stabil or Unstabilazed Alunu Hyarlde

Days to Reach 1% Decomposition at 6 0"Ca
Sam e"o Storage Time at Ambient Temperature, months
S~e o grigiai 5 011 20 ? )b

3655-95-2 4.2 5.8 3.7 4.5 9.6 8.7 --

02034A 5.3 3.3 7.2 8.0 9.2 8.6 5.1
02044 3.9 3.9 6.6 6.3 6.8 8.3 4.0

02044A .5 11.7 12.5 13.0 9.6 5
02134A 5.3 8.7 11.2 8.5 9.0 7.0 3.4

4 04194 5.5 7.2 6.3 6.0 -- -- 2.0
03294 8.0 6.9 5.4 4.6 - - 0.9
060i4A 6.2 5.0 4.2 4.2 .. .. 2.7.
06204A 6.3 4.7 4.0 4.2 .. .. 2.8

06054 8.0 5.9 4.5 4.1 .. .. 1.2
06104A 10.0 8.3 7.4 7.3 -- -- 3.2
o6lo4AT 10.2 8.5 7.1 6.2 -- - 2.1
07084 7.2 6.2 6.3 5.8 .. .. 3.1
07084T 6.3 5.4 4.1 3.6 - -- 1.1

0 4 •aliani test * *
Table V

(C) Magnesium-Doped Aluminum Hydride-1451
Surveillance Semples

600c. Stability Elemental Analysis, %
Lot No. days to 1% Decomp. c H Al. Li G1

01206 13.2 0.22 9.98 0.63 88.8 O.12 <0.1
01216 14.4 0.14 10.03 o .67 88.9 0.12 <0.1

q 01286 12.3 0.18 10.05 0.48 89.1 0.12 <0.1
01316 12.0 o.16 10.o2 o.81 88.7 0.14 <0o.&
06206 11.7 0.08 10.01 1.26 88.6 0.20 o.05
06276 25.5 0.07 9.96 1.35 88.5 0.12 0.01
06286 18.8 o.17 10.00 0.90 87.8 0.16 0.01
06306 16.8 o.17 10.o9 0.86 88.1 0.17 0.05

-7-
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CONFIDENTIAL AFRPL-TR-68-35

a. -150C. Surveillance (U)

(C) The results from storage of these samples at -150C.
are presented in Table VI. Of the eight samples the first four,
which contain <0.850,; magnesium, have been stored for 20 months,
and the last foar, which contain >0.655 magnesium, have been
stored for 14 months. All eight samples are scheduled for ex-
amination during April, 1968.

(C) The data presented In Table VI show no signficiant
change In the hydrogen content of the samples, another Indica-
tion that decomposition does not occur at a noticeable rate
during storage at -15*C.. The periodic 60*C. stability testing
of these samples shows a slight increase in stability as .a func-
tion of storage time. Periodic oxygen analysis., by neutron acti-
vation, are being included in the surveillance program to de-
termine if these increases in 6 0 0C. stability are related to
water contamination. Not enough data are availablc at this time
to ascertain whether moisture- contamination is occurring.

b. Ambient Temperature (-250C.) Surveillance (U)

(C) The results from the ambient temperature (-250 C.) storage
of the eight magnesium-doped AlH3 -1451 samples during 20 and 14
months storage are listed In Table VII. At this temperature the
decomposition of the samples is being continuously measured by a
modified Taliani procedure as well as by periodic hydrogen'anal-
ysis, and 60 °C. stability determinations are being conducted.

(C) The data shown in Table VII are of considerable im-
portance since this is the most detailed long term study of the
decomposition of AlH3 -1451 which has been conducted. The most
important results are the Taliani measurements of decomposition
at 25 0 C. These results are plotted for representative samples
in Figure 4. The differences between samples in 25 0 C. stability
is much larger than the differences in the 60oC. stability of
these samples. This will be discussed further in Section I.D.I.
The periodic hydrogen analysis data are scattered and are not
valid for determining decomposItlon ii. thIs low range. The
periodic 6 0 0C. stability results show a gradual decrease in sta-
bility as a function of storage time. Not enough oxygen analysis
data are available at this time to determine if contamination with
water is occurring.

c. 400C. Surveillance (U)

(C) The results from the 40*C. surveillance of the eight

magneslum-doped ,AlH3-1451 samples are listed in Table VIII.
The decomposition rate a.t 400C. is high enough to be easily
followed by hydrogen analysts although considerable scatter of
the data is evident. For this reason portions of the samples
were transferred to a modified Taliani apparatus midway through

-9-
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.14 CaNFIElTiL 01316

S60C STABILITY *12 DAYS
TO 1% DFCOMP.

1% DECOMPOSITION

.10

25C. 06306
/ I 6. DAYS TO I% DECOMP.o, ___ /_ /l AT 6OeC.

.06

.04 CONFIDENPlAL

I&8 DAYS TO 1% DECOMP.

.02 .v 
A O

A2&5 DAYS TO 1% DECOMP.

0_1 _ -- A AT 6O9C. V-41500 3 6 9 12 15

(C) Fir. 4 - Decomposition ol" MaI, neoium-Dooed
Aluminum Hydride 1451 at 250C.
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the program. Since that time only one hydrogen analysis has
been run on each sample. However, at the point of analysis
good agreement between hydrogen content and Taliani data is ob-
served only for three samples, numbers 01216, 01286, and 06206.
The remaining five show poor agreement and the hydrogen analysis
values seem to be out of line. Additional analytical determina-
tions of hydrogen content are planned to determine the nature of

the discrepancy in the data.

(C) Figure 5 shows the average decomposition curve for the
two groups of magnesium-doped samples (<0.85% magnesium and
>O.85% magnesium). The data plotted is taken from the hydrogen
analysis results for the first six months and subsequently from
the Taliani measurements.

4. Magnesium-Doped, DPA Treated Hydride (U)

(C) Eight samples of magnesium-doped, DPA treated A1H3 -1I51
have been received from the "exas Pilot Plant. The first four
samples have been undergoing surveillance for about four months;
the second group has Just recently been added to 'the program and
no data are available at this time. A list of the eight samples,
showing the 600C. stability (time to reach 1% decomposition at
600c.) and the elemental analysis of the samples is given in
Table IX.

Table IX

(C) Magnesium-Doped, DPA Treated Aluminum
Hydride-l451 Surveillance Samples

60"C. Stability Elemental Analysis, s
Lot. No. days to-l% C H Me Al Li C1 0

10056 20.1 0.58 9.90 1.19 87.4 0.20 0.09 0.19

3 11286 18.9 1.o6 9.95 1.26 87.5 0.17 0.03 0.23
11306 14.3 1.25 10.00 1.17 87.9 0.17 0.03 0.27
i2o66A 22.7 1.1o io.o8 1.18 87.4 o.15 0.03 0.35

O8117A -40 >1.0 9.99 0.93 88.1 O.1O 0.05 --

08187A -30 >1.0 0o.o4 1.58 87.8 o.12 0.o6 --

10107A -35 >1.0 9.95 0.86 87.9 0.13 0.24 --

10197B -25 >1.0 10.05 1.30 87.9 0.11 0.04 --

a. -15 C. Surveillance (U)

((U) No data have been obtained from the -150C. surveillance
of the Mg-doped, DPA treated hydride. Both sets of samples will

*be examined for hydrogen content and 6000. stability after 6

-15-
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months' storage time, which will be in February,'1968, and July,
1968 for each set, respectively. The oxygen content of the
samples will be closely followed by periodic analysis during
storage.

b. 254C. Surveillance (U)

(U) No analysis or 60*C. stability data have been obtained
on these samples stored at 25*C. The first sampling period
will come in March and July, 1968, for the two sets of samples.
However, continuous measurement of decomposition at 250C. with
a modified Taliani apparatus is being conducted and the results
are shown in Table X.

Table X

(C) Surveillance of Magnesium-Doped, DPA Treated
Aluminum Hydrlde-1#51 at. 25_c.

% Decompositiona
Storage Time, monthfsSýmgle ... i1 2 .... -

10056 0.005 0.008 0.013

11286 O.oo04 0.0O8 0.015

11306A 0.009 0.020 0.029

12066A 0.005 0.009 0.015

o8117A 0.005 -- --

08187A 0.003 -- --

So10107A 0.0065 ...

10197B 0.003 ....

'Modified Taliani method

c. oOC. Surveillance (U)

(U) The samples stored at 1O0C. will be periodically analyzed
for hydrogen content und will be checked for 60-C. stability.
Continuous measurement of decomposition with a modified Taliani
apparatus is also being conducted and available results are shown
in Table XI.

-17-
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Table XI

) Survelllance of-a nesium-Po pd, DPA Treated

% Decomposit tona
Storate Time, months

1~pl 23

10056 0.043 0.114 9.232 0.337

11286 0.053 0.159 o.356 0.524

11306A 0.083 0.215 0.576 1.027

12066A 0.041 0.108 0.217 0.330

08117A 0.005 ......

08187A 0.038 ......

0107A 0.029 ......

10197B 0.015 ......

aModified Tallani method.

B. SURVEILLANCE OF ALUMINUM H-YRIDE-I -11PROPELLANT _(U)

(C) The stability of neat aluminum hydride, discussed pre-
viously, is of utmost importance If the hydride were to be-
have similarly when formulated in propellants. The decomposi-
tlon rates of the neat hydride could then be applied directly
to determining the gas generatlon within the formulated pro-
pellant. However, there is a growing amount of evidence to show
that the hydrIde does not decompose in a manner In propellant
which is at all similaF-to the decomposition of neat aluminum
hydride, particularly at ambient (25 C.) temperature.

(C) The gas generation of aluminum hydride propellants has
been studied at 25%, 400 and 60°C. Three propellant formula-
tions have been Used In these studies, and are listed In Table
XII. These formulations were used only to facilitate the study
of the behavior of AIRi-1451 in propellant environment; no other
purpose Is intended. The suggestions of other prooellant con-
tractors in our propellant studies are sincerely appr'eciated.

-18-
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Table XII

S-C) Aluminum- d~rie~-l2)+ 3 rogellant Formulations

P elant
Dulile- Base 2w t

-~Inrdent ISI Ti ME 7

AIH5-14511 25.0 20.80 25.00

AP 26.0 30 .69d 49-.50

PGNC 12.0 --

N G 26.2 -- -

TEGDH 4.4 13.02 -

BDNPA 4.4 -- -

2-NDPA 1.0 -- -

Resorcinol 1.0 0.50 --

TI4ETN -- 21.63 14.00

ZL-437 ---- 10.00

* ~HX-874 - 1.39

NPP-PNC - 12.86

Ethyl
Centralite - 0.50

aForm1ation and assistance by Dr. John Alabashi,
Allegany Ballistics Laboratory.

bFormulation, and assistance by Dr. j. Martin,
Thiokol Chemical Company, Huntsville* Alabama.

4 0eForymulation and assistance by Dr. George Myers,
Lock-heed Propulsion Company, Redlands, California.
dAP is 70% 45 9t, 30% + 48 mesh.
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1. ?5°C. Surveillance (U)

(C) The propellant samples which have been studied at 250C.
during.the past year are listed in Table XIII. Five samples of
aluminum hydride, including unstabilized macrocrystalline,
surface hydrolyzed macrocrystalline, magnesium-doped, and magnesium
doped DPA-treated AiH 3-1451,continue to be studied in double base
propellant.

Table XIII

(U) Double Base propellant Samples on 250C. Surveillance Test

Date Placed Days %
Fuel Type on Test on Test Decomposition

Aluminum (reference) 8-o4-65 Termi- Negligible
nated

AIH3 - Lot 02055 8-o4-65 865 0.40

AIH3 - Lot 02055 - surface 10-13-65 780 o.46
hydrolyzed

AIH3 - Lot QX-020- 5-20-66 571 0.126
magnesium-doped

AIH3 - Lab sample 8262-145, 6-06-66 557 0.099
magnesium-doped, in situ
DPA-treated

AIH3 - Lab sample 9367-62, 6-07-66 556 0.107
magnesium-doped, in situ
DPA-treated -

(C) The decomposition of the AIRH-1451 propellant samples
listed in Table XIII is plotted in Figure 6. The decomposition
of the three magnesium doped varieties is shown to be very
similar. The unstabilized macrocrystalline and surface hydrolyzed
macrocrystalline samples show considerably poorer stability than
the magnesium-doped material.

(C) The shape of the decomposition curve of aluminum hydride
* in double base propellant is significantly different from that

of the neat material. A decrease in decomposition rate is ob-
served with time instead of the normal acceleration of decomposi-
tion. At 25-C., double base propellant containing unstabilized
macrocrystalline hydride decomposed approximately 0.28% during
the first year, 0.09% during the second year, and 0.04% during
the first half of the third year. . Decomposition figures
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S&assume &11 gas is generated by de-composition of the aluminum
I hydride, and gas gez)eratio.i measurements are by a modified Taliani

method. Stabilized aluminum hydride, magnesium doped and DPA
treated samples, decomposed only approximately 0.10% during the
first year and very little over the first half of the second1• year in double base propellant at 25 0 C.

(U) The double base propellant samples under surveillance
at 4O*C. include those containing aluminum (refercrnce), unsta-
bilized macrocrystalline, magnesium-doped, and magnesium-doped,

I DPA-treated AlH3-1451. One sample is being evaluated in a
Thiokol composite propellant formulation; the others are in the
ABL double base formulation. A list of the samples studied at
40 0 C. during the past year is given in Table XIV.

Table XIV

S(U) Double Base Propellant Samples
on 40-C. Surveillance Test

Status, 12-15-67
Date Placed Days

SFuel TMe on Test on Test Decomposition

AiH3 - Standard Lot 02055 9-8-65 828 0.89

A1H3 - Lot QX-020 - 4-i1-66 Termi- 1% at 359 days
magnesium-doped nated

* AIH3 - Lab Sample 9367-62 - 6-08-66 555 0.42
magnesium-doped, in situ
DPA-treateda --

AIH3 - Lab Sample 9367-62 - 6-07-66 556 0.49
magnesium-doped, in situ
DPA-treated

AlH3 - Lab Sample 8262-145, 6-06-66 557 0.70
magnesium-doped, in situ
DPA-treated

Aluminum (reference) 9-08-65 828 Negligible

aEvaluated in Thiokol composite formulation.

(C) The decomposition rates observed from some of these
samples listed in Table XIV are shown in Figure 7. The aluminum
(reference) sample shows very little gassing and is not included.
Again the magnesium-doped, DPA treated hydride sample 9367-62

* is shown to produce much less gassing than tvnstabilized hydride,
in both double base and composite propellant. However, some

-22-
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unexplainable results have been observed in the 40C. propellant
surveillance program. The magnesiuim-doped sample QX-020, which
was shown to be quite stable in 25 0 C. tests presented earlier,
followed a more typical "autocatalytic" shaped decomposition
curve in the propellant at 40 *C., reaching 1% decomposition after
359 days. This is similar to earlier results with surface hydro-
lyzed unstabilized hydride which was reported previously (1) to
have reached i decomposition at 264 days in double base pro-
pellant at 4, 0. On the other hand, sample 8262-145 (magnesium-
doped, DPA tr(; ted lab sample) which looked very good at 60%C.
has exhibited a large amount of initial gassing at 400 C., and,
although the gassing rate is dec2easing with titie,the gas gen-
eration curve more closei! folljws the unstabilized sample than
the other magnesium-doped, DPA treated aluminun, hydride propel-
lant samples.

(C% Altnough these discrepancies are present it is still
eviden. that aluvinum hydride in propellant at 400C. more often
follows a decreasing gas generation rate curve than the accelerat-
ing ges generation associated with decompositions of neat hydride.
A likely cause of this phenomenon is the presence of some moisture
'or other reactive impurity in the propellant.

c. 600C. Suzrveillance (U)

(C) Several differen' types of AlH3-1451, including unsta-
bilized. magnesium-doped, magnesium-doped, DPA treated, and
"aged" m. gnesium-doped hydride have been evaluated in propellant
at 600C. Remarkable stability has been observed from AiH3-1451
propellants containing the stabilized hydride. A few of the
most stable samples remained on test at the time of the last
report (1) and have continued into this program.

(C) Figure 8 shows the results obtained from these samples
in ABL double base propellant at 600C. Shown in Figure 8 are
lab samples 8262-145 and 9367-62, mc,%nesium-doped, DPA treated
material, and sample 5353-142 which is a magnesium-doped sample
that had been aged at -150C. prior to formulation. The magni-
tude of improvement in stability of these formulations contain-
ing stabilized aluminum hydride is tremendous as formulations
containing unstabillzed hydride reached 1% decomposition in
less than 10 days at 600C.

(C) The effect of moisture in the propellant cannot be dis-
counted. Shown in Figure 9 is the decomposition of three samples
of ABL double base propellant containing unstabilized hydride.
The effect of adding very small amounts of H20 to the propellant
formulation is amazing. Thi "autocatalytic" process of decomposi-
tion is essentially stopped. Unfortunately, however, the initial
gassing of hydride exposed to water would be very detrimental to
propellant.

'The Dow Cheminal Company, Annual Technical Report, AFRPL-TR-67-
37, Janrary, 1967, Contract Nr. AF o4(611) -11 00, Dow Report
Nr. FS-4Q-66.
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C. STABILITY I OVEMENT STUIS (U)

(0) Although large improvements in the thermal stability of
aluminum hydride have been accomplished with the magnesium-doping
and DPA treatment techniques, additional improvements may even-
tually be required for long term propellant storage. This program
is not intended as a study of methods of improving hydride sta-
bility, but as a direct result of studying the stability of various
samples some "fallout" information has led to a few experiments
which have produced valuable data on stabilization techniques. In
addition, a large number of samples have been made available to
thiz program by work under another contract, AF 04(611)-11606, and
the stability of these samples will be reported in this section.

I. Effect of Water on Aluminum Hydride-i451 Stabilit (C)

(C) Figure 10 shows the general stability of AIH3 -1451 after
placing water on the surface by different. means. The trend is
the same in all cases, and the differences between the samples may
be caused only by the amount of water present. In general, water
present in the environment to which the hydride is subjected will
result in gassing during the reaction period, "initial gassing",
followed by Improved stability of the hydride.

(C) Figure II shows the effect of adding 1 wt. % water
directly to the sample at the beginning of the modified Taliani
stability test at 60 0C. In this case, the reaction period is
about 5-10 days and the stability after the reaction is about
3 to 4 times better than the untreated hydride. It is important
to note that two hydride samples were thoroughly degassed at 5
and 10 days, after the reaction period, with no loss in the im-
proved stability. This indicates that aluminum hydride, treated
with I wt. % water and heated at 60 0C. for 5 days or more, could'
then be used without subsequent initial gas.ing and with improved
stability.

(C) The effect of water on the decomposition of aluminum
bydride is just as dramatic when partially decorqiposed hydride is
used. Shown in Figure 12 is the decomposition of a pair of samples
of magnesium-doped aluminum hydride. After 1% decomposition had
been passed, I wt. % water was introduced to the test apparatus
containing one of the samples. Immediately a considerable amount
of gassing occurred, but stopped after only a few days and practi-
cally no decomposition occurred over the following 30 days.
2. Treatment of Aluminum Hydride with LiQuids Containing Water

ata .. from Work Under Contract Nr. AF 04+l)-lb (C)

(C) The effect of small amounts of water in liquids on the
decomposition of aluminum hydride formulated in the liquids is
dramatic. Of particular interest is the stability of hetero-
geneous aluminum hydride/hydrazine gelled propellant. The
results of studies of aluminum hydride in hydrazine are shown
in Figure 13. Examination of the hydride by a metallographic

-27-
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4 (C) Fig. 12 - Effect of Addition of 1 Wt. % Water
to Partially Decomposed Aluminum Hydride-1451
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technique at the sampling points indicated the presence of metal
in the neat sample but none in the sample formulated in as-
received hydrazine (0.8% H20). It was further learned that
hydride recovered after long periods in the as-received hydrazine
exhibited much improved stability, both neat and when reformulated
in hydrazine. (A more detailed discussion of this study can be
found in Quarterly reports of work performed under Contract Nr.
AF O4(611)-11606).

(C) Work was then directed at studying other liquids, water
concentrations, and temperatures to increase the stability of the
hydride and to make the treatment more feasible. The samples
produced by the screening program conducted were evaluated for
neat stability as well as stability in hydrazine. The neat
stability data are of considerable interest to this program and
are included in Table XV. Essentially, the program resulted in
the choice of n-butylamine containing approximately 2.0% water
as the treatment liquid, and conditions of 60 0 C. for about 17
days, although longer treatment may further enhance the stability
of the hydride. This treatment was then scaled up to treat 3/4
lb. batches of aluminum hydride. The resultant 600C. stability
of the hydride is shown in Figure 14 for the laboratory sample
and for the scale-up batches. A sample of the first scale-up
batch has been included in the surveillance program to determine
its decomposition rate at 250 and 40 0 C. No measurable decomposi-
tion has occurred after 2-1/2 months at 250C. The available re-
sults at 400C. are plotted in Figure 15 and are compared to an
untreated sample with stability similar to the material used in
the scaleup.

D. CORRELATION OF STABILITY DATA (U)

(C) The decomposition data obtained from the various alumi-
num hydride samples in this surveillance program are very useful
in correlating the observed decomposition rates at ambient (256C.)
temperature to accelerated stability tests at 60°C., and correlat-
ing the stability of the samples to other characteristics such as
impurities, doping agents, surface treatment effects. The most
significant correlations developed from data obtained in this
program are discussed in this section.

I. Correlation of 250 with 600 C. Stability Data (U)

(C) The temperature during the storage of solid rocket
propellant motors containing aluminum hydride will determine the
rate of decomposition of the hydride. It is anticipated that this
temperature will be close to 250C. It is therefore necessary to
know with some certainty the long term (up to 5 years) decomposi-
tion rate of the hydride at 250 C. Obviously, this cannot be
measured immediately at the time the rocket motors are formulated.
An accelerated stability test must bc used to predict the long
term 25 0 C. decomposition rate.
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(C) Figure 16 shows the relationship of 250C. stability to
60*C. stability in terms of time to reach 0.05% decomposition at
25°C. vs. time to reach 1% decomposition at 600C. This curve is
drawn for five established data points and one extrapolated point
as indicated. The results strongly indicate much more than a
one to one relationship of 25 0 C. stability to 600C. stability;
i.e., a twofold stability improvement in 60WC. stability cor-
responds to at least a fivefold improvement in 25%C. stability.

4 This indicates that small additional improvements in 60%0. stabil-
ity will result in aluminum hydride with excellent 25 0 C. stability.

2. Correlation of Stability to Lithium Content (C)

(C) It has been observed that the stability of aluminum
hydride samples is somewhat related to the lithium content of

* the samples, particularly the lithium content in excess of that
believed to be lithium chloride. Figure 17 shows the 600C.
stability (days to reach 1% decomposition at 600C.) plotted vs.
the excess lithium content of the surveillance samples. The
data plotted represent the 12 most recent samples received from
the Texas Pilot Plant, anu all samples are magnesium-doped; some
are DPA treated. Specific information on the samples has been

4 presented in Tables V and IX.

(C) Figure 17 shows that there is an inverse relationship
between lithium content aad stability, i.e., samples high in
lithium are less stable, and samples low in lithium are more stable.
This strongly indicates that Jithium may be taking part in the
process of decomposition. It must be remembered, however, that

0 4 other variables, particularly crystal size and perfection have
a definite effect on the decomposition process which occurs
predominantly on the surface of the hydride crystals.

(C) Further consideration of the effect of lithium on stabil-
ity is being given on this program as well as others (1,2). The
presence of the lithium is caused by the need to use excess

* lithium aluminum hydride (LAH) in the desolvation of aluminum
hydride etherate to the non-*seQ.ted 1451 crystalline phase.
T"he mechanism by which the excess LAH enables the desolvation is
now known, but attempts to desolvate aluminum hydride etherate
without the LAH present have not succeeded.

3. Correlation of the Stability of Surface Treated Samples to
Oxygen Content (C)

(C) Surface hydrolysis of aluminum hydride has been known
for some tire to have a definite effect on the stability of the'
hydride. New procedures, such as the n-butylamine treatment,

� 'Contract Nr. F04611-63-C-0021, "Thermal Stability and Kinetic
Studies o(k AlHs," The Dow Chemical Company, Midland, Michigan.

2 Contract Nr. F33615-67-C-1619, "LMH-l Process Development," The
Dow Chemical Company, Midland, Michigan.
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are believed to be simply a controlled- hydrolysis., However,-
some interesting trends can be ;een when the stability of the
treated samples is plotted vs. oxygen content.

(C) In this case the data shown in Table XV relate the
stability of n-butylamine treated samples (time to reach 0.5%
decomposition at 600C.) to the oxygen content of the samples.
The results are shown in Figure 18. Although these results do
show a strong correlation of stability to oxygen content, an
effect of treatment time is also observed. This indicates
that something other than gross surface hydrolysis is occurring.
Considering the relationship of stability te lithium discussed
previously, the possibility must be considered that during the
period of surface treatment some of the lithium compound which
may catalyze decomposition is destroyed as it reaches the sur-
face of the hydride crystals. Further investigations to sub-
stantiate this hypothesis are planned.
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tECTION II

(U) CONCLUSIONS AND FUTURE WORK

A. CONCLUSIONS (U)

(C) Based on the results obtained during this reporting
period, the following conclusions are made:

(i) Improvement in the 600C. stability of aluminum
hydride by a factor of two is accompanied by a
factor of four to five improvement at 25eC. for
very low levels of decomposition.

(ii) A magnesium-doped sample which exhibited a 60eC.
stability of 25.5 days to 1% decomposition has
decomposed only 0.019`5 after one year at 25*C.
Many samples have now been made with even better
60 0 C. stability and are undergoing surveillance
studies.

(iii) The 60°C. stability of aluminum hydride appears
to be related to the amount of lithium present. S
The unknown lithium compound present may act as
a catalyst for decomposition.

(iv) The long-term stability of aluminum hydride pro-
pellant is characteristically better than for neat
hydride and decomposition rates decreased with time
in most propellant samples. "Initial gassing" is * 0
a problem and may be related to trace amounts of
moisture present in the formulations.

(v) Treatment of aluminum hydride in certain wet sol-
vents, such as n-butylamine, for extended periods
of time at elevated temperature results in much
improved stability which is related to both the P
oxygen content of the sample and the treatment
time and temperature.

B. FUTURE WORK (U)

(C) The following work is planned for the second year of
this three-year program:

(i) Continue surveillance of samples now on test until
they are fully characterized.

(ii) Add new samples of aluminum hydride-l151 to the
surveillance program as they become available
through efforts on Contract Nrs. P04'611-68-C-0021
an d F033615-67-C-1619.
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(iv) Continue to feedback stability correlations ob-
served with surveillance samples to efforts uni
Contracts FO4611-68-C-O021 and F33615-67-C-161* ..

(v) Further substantiate the relationship between
600C. stability and long term decomposition rates
at 250C. to enable valid extrapolat. 's for samples
with improved 60*C. stability.
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",s &@S1-Q€? Surveillance has continued on various samples of aluninum hydride includ-
Ing: unstabilized macrocryetallIne, m esum-doped, and magnesium doped, tPA (di-
pIsazlacetyleme) treated AI3R-1451. Tese samples are providing valuable decom-
position rate data both neat at -15, 250 and 40"C., and in propellant at 250, 400

Results of surveillance of neat aluminum hydride continue to indicate
greater improvement in 25"C. stability than vas observed with these samples at 60 C
5ro samples which reached 1% decomposition in 18.8 and 25.5 days at 60°C. have de-
composed only 0.05 and 0.019% respectively after 1 year at 25eC. Results of sur-
veillance of aluminum hydride propellant are continuing to show decreasing gas gen-
eration rates with time. At 25°C., double base propellant containing unstabilized
macrocrystalline hydride decomposed approximately 0.28% and 0.09% during the firstSand second year respectively and samples containing stabilized aluminum hydride, de-
composed only approximately 0.10% during the first year.

Sall amounts of water in the environment which the aluminum hydride is
subjected to have been found to prevent the typical "autocataeytic" shaped decoe-
position curve. Instead, an "initial gassing" period is observed followed by ex-
eellent stability. Treatments utilizing mall amounts of hydrolysis to improve
stability are being developed.

The stability of neat aluminum hydride has been found to correlate in-
* versely with the amount of lithium, other than lithium chlorlde, present as an im-

purity in the hydride. Excess lithium aluminum bydride is required in prouction
of A1H3-lI.51 of the desolvatlon of aluminum hydride etherate.

DD 1473
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